ABSTRACT Background: Although estimation of percentage body fat with the Slaughter skinfold-thickness equations (PBF Slaughter ) is widely used, the accuracy of this method has not been well studied. Objective: The objective was to determine the accuracy of the Slaughter skinfold-thickness equations. Design: We compared agreement between PBF Slaughter and estimations derived from dual-energy X-ray absorptiometry (PBF DXA ) in 1169 children in the Pediatric Rosetta Body Composition Project and the relation to cardiovascular disease risk factors, as compared with body mass index (BMI), in 6725 children in the Bogalusa Heart Study. Results: PBF Slaughter was highly correlated (r = 0.90) with PBF DXA , but it markedly overestimated levels of PBF DXA in children with large skinfold thicknesses. In the 65 boys with a sum of skinfold thicknesses (subscapular-plus triceps-skinfold thicknesses) $50 mm, PBF Slaughter overestimated PBF DXA by 12 percentage points. The comparable overestimation in girls with a high skinfold sum was 6 percentage points. We also found that, after adjustment for sex and age, BMI showed slightly stronger associations with lipid, lipoprotein, insulin, and blood pressure values than did PBF Slaughter . Conclusions: These results indicate that PBF Slaughter , which was developed among a group of much thinner children and adolescents, is fairly accurate among nonobese children, but markedly overestimates the body fatness of children who have thick skinfold thicknesses. Furthermore, PBF Slaughter has no advantage over sex-and age-adjusted BMIs at identifying children who are at increased risk of cardiovascular disease based on lipid, lipoprotein, insulin, and blood pressure values.
INTRODUCTION
The BMI is widely used as a screening tool to identify children and adolescents who are obese, and a high BMI in childhood is associated with adverse levels of cardiovascular disease risk factors, the initial stages of atherosclerosis and adult obesity (1, 2) . Children and adolescents with a high BMI also tend to have a high level of body fatness, but because BMI is based only on weight and height, BMI can be an inaccurate indicator of body fatness, particularly among those who have normal or relatively low levels of body fatness (3) . An additional complication is that the relation of BMI to body fatness differs across raceethnicity groups (4) (5) (6) . At equivalent BMI levels, Asians generally have more body fat and blacks have less body fat than do whites.
Despite large measurement errors associated with skinfold thicknesses (7), they continue to be widely used among children and adolescents (8) (9) (10) (11) because many investigators believe that they provide a more direct and accurate estimate of body fatness than does BMI. The stronger association of body fatness with skinfold thicknesses than with BMI (3, (12) (13) (14) , however, does not necessarily indicate that skinfolds can more accurately identify children who have excess body fatness or adverse levels of cardiovascular disease (CVD) 5 risk factors. We have found (15) , for example, that the stronger association of skinfold thicknesses (compared with BMI) with body fatness largely results from the inability of BMI to accurately assess body fatness among children who have a BMI-for-age below the 85th percentile of the CDC growth charts. Furthermore, several studies, using various techniques to assess body fatness have found that adverse levels of CVD risk factors are related similarly to both BMI and body fatness (13, (16) (17) (18) (19) (20) .
The objective of the current study was to determine the accuracy of the Slaughter skinfold thickness equations, which are based on sex, maturation, and skinfold thicknesses, at predicting levels of percentage body fat determined by using dual-energy X-ray absorptiometry (DXA; PBF DXA ) among 1196 children and adolescents from the Pediatric Rosetta Body Composition Project. We also examined whether percentage body fat estimated by using the Slaughter skinfold-thickness equations (PBF Slaughter ) was more strongly associated with levels of cardiovascular disease risk factors than was BMI in 6725 children and adolescents aged 5-17 y in the Bogalusa Heart Study. Previous studies (21) (22) (23) of the validity of the Slaughter equations have been based on smaller samples and have not examined associations with levels of cardiovascular disease risk factors.
SUBJECTS AND METHODS

Study populations
The current analyses are based on 2 data sets: the Pediatric Rosetta Body Composition Project (which includes PBF DXA ) and the Bogalusa Heart Study (which includes various risk factors). The methods used in these studies was described previously (24, 25) , and both studies included measures of weight, height, and skinfold (triceps and subscapular) thicknesses. The procedures followed in both studies were in accordance with the ethical standards of the institution, and approval was obtained from the relevant committees on human subjects.
Pediatric Rosetta Body Composition Project
Between 1995 and 2000, 1196 healthy volunteers aged 5-18 y were recruited in New York City through newspaper notices, announcements at schools and activity centers, and word of mouth. The Institutional Review Board of St Luke's-Roosevelt Hospital Center approved the study protocol, assent was obtained from each volunteer (when appropriate), and informed consent was obtained from each volunteer's parent or guardian. A questionnaire was used to establish race and ethnicity; the criterion was a consistent background (white, black, Hispanic, or Asian) for all 4 grandparents (6). Most Asian participants were of Chinese or Korean background, and most Hispanic participants were of Dominican or Puerto Rican origin. There were no height or weight restrictions to entry into the study, and normal heath was confirmed by a medical history from the parent or guardian and a physical examination.
Skinfold thicknesses were measured on the right side of the body to the nearest 1.0 mm with a Lange caliper by using procedures recommended by Lohman et al (26) . The average of 2 readings was recorded, and subjects were measured by 1 of 2 examiners during the study period. Whole-body DXA scans were performed by using GE Lunar Corporation models DPX (with pediatric software version 3.8G) and DPX-L (with pediatric software 1.5G) (27) . The scan mode was chosen according to the weight guidelines provided by the manufacturer, and each scan provided an estimate of PBF DXA . For quality control, an anthropomorphic spine phantom made up of calcium hydroxyapatite embedded in a Lucite block was scanned with both DXA instruments each morning before subject evaluation and immediately before and after all DXA maintenance visits. Bottles (8 L) of ethanol and water, simulating fat and fat-free soft tissues, respectively, were scanned monthly as quality-control markers.
Bogalusa Heart Study
The Bogalusa (Louisiana) Heart Study is a community-based (Ward 4 of Washington Parish) study of CVD risk factors in early life (24) . Seven cross-sectional examinations of schoolchildren in this community were conducted between 1973 and 1994, with each consisting of w3500 children and adolescents. Assent was obtained from all participants, and informed consent was obtained from each volunteer's parent or guardian. All schoolchildren between the ages of 5 and 17 y in Ward 4 of Washington Parish were considered eligible. Because of the repeated cross-sectional design of the study, many subjects participated in 2 or more of the 7 examinations. A questionnaire, completed by the parents, was used to establish the race of the participants.
The triceps and subscapular skinfold thicknesses were each measured 3 times to the nearest 1 mm by using Lange Skinfold Calipers. In each study, skinfold thicknesses measured by 2-3 trained observers, and the mean of the 3 measurements for each site was used in the analyses. Because our focus was on the relation of BMI and PBF Slaughter to levels of various risk factors, we restricted the analyses to 4 studies (1981-1982 through 1992-1994 ) that included levels of fasting insulin and both skinfold thicknesses. A total of 10,726 examinations were conducted among 7079 children and adolescents aged 5-17 y who reported that they were fasting; w87% of this group reported that they had fasted.
Of these 10,726 examinations, we deleted 1) 591 in which information was missing for any risk factor [triglycerides, LDL cholesterol, HDL cholesterol, insulin, systolic blood pressure (SBP) or diastolic blood pressure (DBP)]; 2) 29 in which data for weight, height, or a skinfold thickness measure was missing; 3) 11 in which a girl reported being pregnant; and 4) 7 in which a child's race was reported as other than white or black. These exclusions resulted in an analytic sample of 10,088 examinations among 6725 children. Of these children, 4166 participated in only 1 examination, 1853 participated in 2 examinations, and 706 participated in 3 or 4 examinations.
BMI and skinfold thicknesses
Body weight and height were measured in both studies by using standardized techniques, and BMI (in kg/m 2 ) was calculated as a measure of relative weight. We calculated BMI-forage z scores (SDs) and percentiles for each child based on the CDC growth charts (28) , and these represent the BMIs of the examined children relative to their sex-age peers in the United States between 1963 and 1994. A child with a BMI-for-age $95th percentile of the CDC reference population is considered to be obese, and a child with a BMI $120% of the 95th percentile is considered to be extremely obese (29) .
Because adjustment for sex and age through the use of the CDC BMI-for-age z scores may not be optimal for all analyses (30) and can be inaccurate at very high BMI levels (29), we also used the residuals of sex-specific regression models that predicted BMI from age with the use of restricted cubic splines. We refer to these residuals as a child's "adjusted BMI," and in contrast with the CDC BMI-for-age z scores, these adjusted values are in the same units (kg/m 2 ) as BMI. The sum of subscapular and triceps skinfold thicknesses (SF sum) were used, in combination with sex, age, and race to estimate PBF Slaughter as described on page 719 of Slaughter et al (31) . The Slaughter equations are available elsewhere (see Supplemental Table 1 under "Supplemental data" in the online issue) and are based on the sum of these 2 skinfold thicknesses, with the intercepts and regression coefficients varying by sex and SF sum and among boys by stage of maturation and race (white or black). We used the equations for white boys to estimate percentage body fat among Asian and Hispanic boys. As has been done in other investigations (8), we used the age of the child in these calculations: boys younger than 12 y were considered prepubescent, boys aged 12.0-13.9 y pubescent, and boys aged $14 y postpubescent. Additional analyses (data not shown) based on Tanner Stage (assessed by a physician or nurse, or by the child) indicated that PBF Slaughter based on age was highly correlated (eg, r = 0.984 in the Pediatric Rosetta Study) with PBF Slaughter based on maturation stage.
CVD risk factors
Serum concentrations of total cholesterol and triglycerides were measured, by using enzymatic procedures, in a centralized laboratory that met the requirements of the CDC Lipid Standardization Program. LDL and HDL cholesterol measurements were based on a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis (24) . Plasma insulin was measured with a radioimmunoassay procedure (Phadebas Insulin Kit). Sitting SBP and DBP (4th Korotkoff sound) were measured on the right arm 6 times by trained observers with a mercury sphygmomanometer (Baumanometer); the mean of 6 measurements was used in all analyses (32) .
Statistical analyses
All analyses were performed in R (33) . Because the distributions of several characteristics were skewed, descriptive statistics included the median and IQR (75th percentile minus 25th percentile). The IQR is less strongly influenced by extreme values than is the SD.
For data from the Pediatric Rosetta Study, we examined levels of the PBF DXA and PBF Slaughter within categories of sex and the SF sum (4 categories, with sex-specific levels ,33rd percentile, 33rd to 66th percentiles, 67th to 89th percentiles, and $90th percentile). We also examined plots of PBF DXA compared with PBF Slaughter , and we illustrated the smoothed association with Lowess (locally weighted scatter plot smoothing). Rather than assuming an overall function (eg, quadratic) for the association, each y value in Lowess is estimated from a weighted regression analysis based on surrounding points. The agreement between levels of PBF DXA and PBF Slaughter was also assessed by using Bland-Altman plots (34) , in which the difference between the 2 variables (PBF Slaughter 2 PBF DXA ) was plotted versus their mean. We also plotted the SF sum versus levels of PBF DXA and PBF Slaughter . At an SF sum .35 mm, the relation of skinfold thickness to PBF Slaughter is linear (31), with each 1-mm increase in the SF sum resulting in a 0.783 (boys) or 0.546 (girls) increase in percentage body fat.
For data from the Bogalusa Heart Study, we focused on differences in the relation of risk factor levels to adjusted BMI, BMI-for-age z score (CDC growth charts), and PBF Slaughter . Adjusted levels of BMI and the CVD risk factors were obtained from sex-specific regression models in which each characteristic was predicted by age (modeled by using restricted cubic splines). The residuals of these models, representing sex-and age-adjusted levels, were then used in the analysis of correlations. Principal components analysis (35) was used to derive an overall summary of the 6 risk factors. This technique converts a set of correlated variables into values (components) that are uncorrelated, and the first principal component, which has the largest variance of all components, was used as an overall risk factor summary. Correlations between the first component and levels of the 6 risk factors ranged from r = 0.39 (DBP) to r = 0.76 (triglycerides).
Because 61% of the children in the Bogalusa Heart Study participated in more than one examination, the observations are not independent. We therefore used the bootstrapping package in R (36) to calculate P values for the differences in the magnitudes of the correlations with BMI-for-age, adjusted BMI, and PBF Slaughter . These P values were based on the distributions of the observed differences between the observed correlations in 2500 replications in which the children were sampled with replacement. Children, rather than observations, were sampled with replacement to account for the within-child clustering.
RESULTS
Pediatric Rosetta Body Composition Study
Various characteristics of the sample in the Pediatric Rosetta Body Composition Project are shown among boys and girls in Table 1 . As indicated by the median values of 0.54 (boys) and 0.52 (girls) for BMI-for-age, BMI levels in the Rosetta Body Composition Project were substantially higher than those in the CDC reference population, but there was little difference between boys and girls. About 15% of both boys and girls were obese, and 5% were extremely obese (BMI $120% of the CDC 95th percentile). In contrast, relative differences in median levels of the SF sum, PBF DXA , and PBF Slaughter between boys and girls ranged from 33% (subscapular skinfold thickness) to 56% (PBF DXA ). As compared with the median level of percentage body fat based on DXA, the median level estimated by the Slaughter equation was higher among boys (18.1% compared with 16.5%) but was lower among girls (24.5% compared with 25.7%). Additional analyses indicated that PBF Slaughter and the SF sum were highly correlated (r = 0.98) and that both were strongly associated (r = 0.87-0.89) with PBF DXA. The correlation between PBF DXA and BMI-for-age (r w 0.80) was significantly (P , 0.001) weaker than the PBF DXA compared with PBF Slaughter association. As seen in Figure 1A and Figure 1B) . The 95% CIs of agreement were 24 and 13 among boys and 27 and 8 among girls, respectively. The extent of overestimation by PBF Slaughter increased greatly with the level of body fatness, and correlations between the average for the 2 estimates and their difference (Slaughter 2 DXA) were r = 0.54 (boys) and r = 0.26 (girls). Additional analyses indicated that PBF Slaughter overestimated PBF DXA by .20 percentage points among 14% of obese (BMI $ CDC 95th percentile) boys, but in only 1 of the 523 nonobese boys. The overestimation among obese girls was less marked, with only 5% having a PBF Slaughter value that overestimated PBF DXA by .20 percentage points.
Characteristics of the 12 boys who had an SF sum of .80 mm are shown in Table 3 . Ten of these boys were extremely obese (BMI $120% of the CDC 95th percentile), with the 2 exceptions having BMIs of 29.4 and 31.2. PBF Slaughter overestimated PBF DXA by $20 percentage points for each of the 12 boys; for 3 boys, the overestimation was .40 percentage points.
Because 11 of the 12 boys with the thickest SF sums were nonwhite, we performed additional analyses to assess the effect of race-ethnicity on the observed associations. These results indicated that there were relatively small, but statistically significant, differences in PBF DXA across race-ethnicity groups after levels of sex, age, and SF sum were controlled for. At equivalent levels of these covariates, the mean PBF DXA of Asian . The data points represent the DXAcalculated body fatness of each child, and the dashed lines represent the Lowess-estimated association between SF sum and PBF DXA . Among boys, the discrepancies between PBF DXA and PBF Slaughter increase substantially at higher SF sum levels. The large circle represents a boy with an SF sum of 84 mm (first row of Table 3 ). DXA, dual-energy X-ray absorptiometry; Lowess, locally weighted scatter plot smoothing; PBF, percentage body fat; PBF DXA , percentage body fat estimated by using dual-energy X-ray absorptiometry; PBF Slaughter , percentage body fat estimated by using the Slaughter skinfoldthickness equations; SF sum, sum of subscapular and triceps skinfold thicknesses. boys was 1 percentage point lower than that of white boys, and the mean PBF DXA of Asian girls was 2 percentage points lower than that of white girls.
Bogalusa Heart Study
Various characteristics among 6725 children who were examined in the Bogalusa Heart Study between 1981 and 1994 are shown in Table 4 . As assessed by the median levels of BMI-forage (w0.27) and SF sum (19 mm, boys; 26 mm, girls), and the prevalence of obesity (12%), these children tended to be thinner than those in the Pediatric Rosetta Study. Levels of the 6 examined risk factors each differed significantly (P , 0.01) between boys and girls. As assessed in regression models that accounted for age and the within-child clustering, girls had higher triglyceride, LDL cholesterol, fasting insulin, and DBP values but slightly lower HDL cholesterol and SBP values than did boys.
Correlations between the levels of the various risk factors (columns) with levels of adjusted BMI, BMI-for-age, and PBF Slaughter are shown in Table 5 . (Adjusted BMI values are the residuals of a regression of BMI on age, modeled with cubic splines, within each sex.) Overall, as well as in sex-stratified analyses, adjusted BMI was more strongly related to the risk factor summary than was PBF Slaughter (P , 0.05 for each comparison); among all children, the observed correlations with the risk factor summary were r = 0.47 (adjusted BMI) and r = 0.42 (PBF Slaughter ). The magnitudes of the relation of the risk factor summary to BMI-for-age were between those for adjusted BMI and PBF Slaughter in the overall sample and among girls; however, among boys, the risk factor summary was related similarly to levels of BMI-for-age and PBF Slaughter .
Of the individual risk factors, all except LDL cholesterol were more strongly related to levels of adjusted BMI than to PBF Slaughter (P , 0.05 for each comparison) in the overall sample. Furthermore, BMI-for-age was also more strongly associated with levels of most of the risk factors than was PBF Slaughter . However, no statistically significant differences were found between the associations with triglyceride concentrations (r = 0.28 compared with 0.30), and LDL-cholesterol concentrations were more strongly associated with PBF Slaughter than with BMI-for-age (r = 0.15 compared with 0.17, P , 0.05). Differences were less consistent in sex-specific analyses, but there was no evidence that PBF Slaughter was more strongly associated with levels of any risk factor than was adjusted BMI.
DISCUSSION
Although BMI can be an inaccurate indicator of body fatness, particularly among children who are not overweight or obese (3), little evidence indicates that body fatness (as assessed by skinfold thicknesses or other methods) is more strongly associated with levels of CVD risk factors than is BMI (13, (16) (17) (18) (19) (20) 37) . The results of the current study indicate that body fatness-as estimated from a prediction equation based on skinfold thicknesses, sex, maturation (age), and race (31)-was more strongly correlated with PBF DXA than was BMI (r w 0.90 compared with 0.80). Although PBF Slaughter was a fairly accurate estimator of PBF DXA among nonobese children, it greatly overestimated the DXA-calculated body fatness of obese children. Among boys with an SF sum $50 mm, for example, the Slaughter equation estimates were, on average, 12 percentage points higher than those based on DXA. We also found that, after adjustment for sex and age, BMI was more strongly associated with levels of cardiovascular disease risk factors than was PBF Slaughter . Although some differences were not statistically significant, in no case were correlations with PBF Slaughter stronger than those with adjusted BMI.
In general, skinfold thicknesses (and estimates derived from them) are more strongly correlated with body fatness as measured by more accurate methods than is BMI, but some of the observed differences have been relatively small (3, 13, (38) (39) (40) . For example, levels of PBF DXA among adolescents were almost as strongly correlated with levels of BMI (r = 0.87-0.89) as with skinfold thicknesses (r = 0.92-0.93) (13) . Furthermore, the accuracy of skinfold thicknesses in estimating body fatness is likely to vary across sites and equations. Bray et al (3) , for example, found that most skinfold thickness equations were better predictors of body fatness (determined from a 4-compartment model) than was BMI (R 2 = 0.85 and 0.67), but that one skinfold equation was very inaccurate (R 2 = 0.51). Previous studies of the validity of the Slaughter equations have emphasized the 
1 PBF DXA , percentage body fat estimated by using dual-energy X-ray absorptiometry; PBF Slaughter , percentage body fat estimated by using the Slaughter skinfold-thickness equations; SF sum, sum of subscapular and triceps skinfold thicknesses.
2 Cutoffs for the SF sum categories approximate the 33rd, 67th, and 90th percentiles within each sex; cutoffs were rounded to the nearest 5 mm. large random and/or systematic errors that can occur as compared with DXA (22, 23) and hydrodensitometry (21) . Despite these errors, some investigators have concluded that the Slaughter equations could be useful in field or clinical studies (22) . Levels of body fatness differ substantially across race-ethnicity groups, and we previously reported that, at equivalent levels of BMI-for-age, black children have lower levels (mean: 3 percentage points) of PBF DXA than do white children (6) . Several investigators have also found that the body fatness of Asians is generally greater than that of whites (41), but these differences appear to vary across Asian subpopulations (4). We found that, at equivalent levels of age and SF sum, PBF DXA varied (P , 0.01) across race-ethnicity groups, with the PBF DXA of Asian children being, on average, 1-2 percentage points lower than that of white children. Note that the Slaughter equations were developed in a sample of white and black children, but w50% of the children in the Pediatric Rosetta Study were Hispanic, Asian, or "other."
It is possible that much of the discrepancy between PBF Slaughter and PBF DXA at high SF sum levels results from the relatively low levels of body fatness of the sample (n = 242 children) in which the Slaughter equations were developed (31) . Although BMI levels were not reported for these subjects, levels of weight and skinfold thicknesses differed substantially from those in the current analyses. For example, whereas the mean SF sum among postpubescent boys in Slaughter et al (31) was 18 mm (n = 58), mean levels among similarly aged boys were 26 mm (n = 210) in the Pediatric Rosetta Body Composition Project and 25 mm (n = 1299) in the Bogalusa Heart Study. For children with an SF sum below the 90th percentile (,50 mm, boys; ,60 mm, girls), agreement was fairly good between PBF DXA and PBF Slaughter , with median differences of #3 percentage points.
However, equations based on a sample of relatively thin children who were examined in the 1980s are unlikely to accurately estimate the body fatness of much heavier children, and we observed the largest discrepancy (12 percentage points) between PBF Slaughter 1 Observations are sorted according to SF sum, which ranged from 84 to 117 mm in this subset. Of the 626 boys, these 12 boys had the highest SF sums. PBF DXA , percentage body fat estimated by using dual-energy X-ray absorptiometry; PBF Slaughter , percentage body fat estimated by using the Slaughter skinfold-thickness equations; SF sum, sum of subscapular and triceps skinfold thicknesses.
2 Because the z score estimates of very high BMI levels is inaccurate in the CDC growth charts, it has been suggested that the BMIs of very obese children be expressed as a percentage of the 95th percentile (29); 120% of the 95th percentile has been used as an indicator of extreme obesity. an SF sum .35 mm, the slope is 0.546. As seen in Table 3 and Figure 1C , this results in extremely high predicted levels of PBF Slaughter among children who have very thick skinfold thicknesses. In contrast with this linear association, the slope of the relation of the SF sum to PBF DXA decreases markedly at high levels of the SF sum ( Figure 1C ). This results in the Slaughter equations estimating implausible values of percentage body fat (eg, $67%) among very obese children. Many investigators have also found that levels of various risk factors are related similarly to levels of BMI and to estimates of body fatness based on skinfold thicknesses (13, 42) , air-displacement plethysmography (19) , DXA (13, 18, 20, 43) , and underwater weighing (44) . The similarity of these associations may have been because associations with risk factor levels are largely influenced by levels among obese children, and the accuracy of BMI increases at higher levels of body fatness (3, 15) .
Although it was not the primary focus, we also found that risk factor levels tended to show slightly stronger associations with levels of adjusted BMI, which is the difference (in kg/m 2 ) between the child's actual and expected (based on sex and age) BMI, than with BMI-for-age (Table 5 ). The overall correlations, for example, with the risk factor summary, were r = 0.47 (adjusted BMI) and r = 0.44 (BMI-for-age z score); P , 0.05 for the difference between the 2 correlations. This relatively small difference may have been the result of the transformation used to normalize BMI values in the CDC growth charts. At very high BMI levels, the incremental increases in BMI-for-age become progressively smaller, and the upper limit of BMI-for-age in the CDC growth charts is w3.2 SDs (45). As was previously noted for longitudinal data (30) , it may be preferable to use BMI in some analyses and control sex and age in regression models rather than with BMI-for-age z scores.
The current analyses had several limitations that should be considered. Large errors in the measurement of skinfold thicknesses are possible (7, 46) . Although DXA estimates of body fatness are highly correlated with those from methods such as the 4-compartment model and neutron activation (47) , large differences in the estimation of an individual's body fatness are possible. Furthermore, PBF DXA estimates may vary across machines, manufactures, and software versions. It is also possible that there are systematic differences in PBF DXA , with DXA underestimating the body fatness of leaner persons (48) and overestimating the body fatness of obese persons (49) . If PBF DXA overestimated the true fat mass of obese children in the current study, the overestimation of body fatness by the Slaughter equations may be even more pronounced than what we observed.
Our results indicate that PBF Slaughter provides a fairly accurate estimate of body fatness among nonobese children, but can markedly overestimate the body fatness of obese children. Furthermore, PBF Slaughter is no more strongly associated with levels of various CVD risk factors than is BMI after adjustment for sex and age. These results indicate that PBF Slaughter , which was developed at a time when children were much thinner than today, has little advantage over BMI at identifying children and adolescents who are at increased risk of subsequent disease. 1 P values assess whether the correlation between the risk factor and either adjusted BMI or BMI-for-age is equal to the correlation between the risk factor and PBF Slaughter . Adjusted levels of BMI and risk factors were obtained from sex-specific regression models in which age was used to predict the level of each risk factor; residuals from these models represent sex-and age-adjusted levels. *P , 0.05 for H 0 : correlation with adjusted BMI or BMI-for-age is equal in magnitude to the correlation with PBF Slaughter . The P values were obtained through bootstrapping that accounted for the within-child clustering. For example, in the overall sample, the risk factor summary was more strongly associated with adjusted BMI (r = 0.47) and with BMI-for-age (r = 0.44) than with PBF Slaughter (r = 0.42); P , 0.05 for both comparisons. CVD, cardiovascular disease; DBP, diastolic blood pressure; PBF Slaughter , percentage body fat derived by using the Slaughter skinfold-thickness equations; SBP, systolic blood pressure.
2 Levels of triglycerides and insulin were log transformed.
